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UNITED STATES PATENT office 
Application August 31, 1946, Serial No. 694,319 

8 Claims. (Cl. 250-33) 
1. 

This invention relates to new and useful in 
provements in antennas. More specifically, it re 
lates to improvements in means for controlling 
the directivity of antennas for high frequency 
electromagnetic signals. . 

In making devices which will operate at ultra, 
high frequencies, many new problems arise but, 
at the same time, new approaches to the solutions 
both of old problems and new ones become pos 
sible. 
One of the problems encountered in the devel 

opment of television to be broadcast in the ultra 
high frequency region between 480 and 920 mega 
cycles is that power-generating means capable 
of high power levels of modulated output are dif 
ficult to obtain. Besides the fact that technologi 
cal and design difficulties are encountered in sig 
nal transmitters having high power levels, there 
are other difficulties which are outgrowths of the 
main problem. For example, equipment capable 
of putting out large amounts of radio frequency 
power requires a correspondingly large wide band 
modulator, and this presents additional difficul 
ties and expense. Furthermore, such a high 
power radio frequency transmitter and wide band 
modulator consume large amounts of input 
power, because of relative inefficiency. 

Accordingly, it is very desirable to make the 
most effective use of amounts of power economi 
cally available in ultra high frequency operations, 
for example in television, by Securing a com 
pensatingly high efficiency in some other part of 
the system (than the energy-generating source). 
Such another part of the System may be the 
power-radiating device, i. e. the antenna. If the 
antennais designed to emit energy in useful direct 
tions only, there will be an avoidance of Wasted 
power, and so far as the service area is concerned, 
the power level will be increased by the antenna, 
gain. From a practical standpoint, this is just 
as useful as increasing the output of the trans 
mitter by an equal factor. Moreover, antennas, 
when once built, present a minimum problem of 
maintenance and renewal in contrast with the 
expensive high power tubes in the transmitter. 
Compact, economical, high gain antennas suit 

able for use at ultra high frequencies are de 
scribed in my copending applications Serial No. 
640,690, filed January 12, 1946, Serial No. 641,692, 
filed January 17, 1946, and Serial No. 70,750, filed 
January 13, 1949, which contains all of the sub 
ject matter disclosed in my prior application Se 
rial No. 644,519, filed January 31, 1946, now aban 
doned. These applications disclose slotted “cy 
lindrical' antennas each of which emits radiant 
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energy concentrated along lines pointing Sub 
stantially towards the horizon if the long axis 
of the cylinder is vertical, and each of which has 
an unusually long "aperture' for a device having 
a single feed point. Each antenna, also features 
a loaded “transmission line' along which RF en 
ergy moves With a phase velocity greater than 
the Speed of light, whereby a simple feed system 
is adequate for a relatively large “aperture” and 
RF Voltages along the aperture are in proper 
phase. 
Another feature of those antennas is that they 

have suitable input impedances so that the feed 
in each case is accomplished by the direct con 
nection of a low impedance feed line to the an 
tenna. Without the use of critical transforming 
circuits. 
Another feature is that the polarization of any 

One of these antennas, when it is mounted with 
its long axis in a vertical position, is horizontal. 
This polarization is a desired one because of gen 
eral television broadcast practice. 
Another feature of these antennas is that gen 

erally they are free from horizontal directivity. 
Another feature of these antennas is that they 

have large operating band widths. 
In certain applications it is desirable to effect 

further economies in the use of radiating power 
by employing directivity in horizontal planes as 
Well as directivity in vertical planes. For exam 
ple, if a transmitting station should be located 
alongside of a large body of water, such as a lake 
or Ocean, or alongside a desert, it would be as un 
desirable to waste radiant power over the water 
or desert (a non-service area) as to waste it by 
propagation directly upward. For this reason, 
it is desirable to be able to control the horizontal 
directivity of any of these otherwise ideal radia 
tors. In particular, because of the great advan 
tages of the antennas described in my copending 
applications, it is especially desirable that leaS 
be devised whereby their horizontal directivity 
characteristics can be controlled without mate. 
rially altering their other, presently useful, chair 
acteristics of efficient vertical directivity, suitable 
input impedance, horizontal polarization, and 
broad operating band. 

It is an object of this invention to devise means 
dipted to control the horizontal directivity of 

slotted cylindrical antennas Without materially 
altering their useful characteristics. 

Other objects, features and advantages of this 
Vention will be apparent from the description 

which follows and from the drawings in which 
Fig. 1 is an isometric view of one embodiment 
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of a slotted cylindrical antenna, in which a por 
tion of the cylinder adjacent to the slot is broken 
away to show the feed line; 

Fig. 2 is an isometric view of an antenna, as in 
Fig. 1, with the addition of structure comprising 
“wing' elements according to this invention; 

Fig. 2d. is a diagrammatic representation of an 
ordinary electromagnetic horn and of Some of 
its characteristics; 

Fig. 2b is a diagrammatic representation of an 
embodiment of this invention and of Some of its 
features in a manner corresponding to the rep 
resentation of Fig. 2d.; 

Fig. 2C is a diagrammatic representation as in 
Fig. 2d. With respect to another Ordinary electro 
magnetic horn; 

Fig. 3 is an isometric view of a mast mounting 
of another embodiment of a slotted cylindrical 
antenna, employing Wing elements according to 
this invention: 

Fig. 4 is a diagrammatic representation of a 
transverse croSS Section of the antenna, and mast 
of Fig. 3. It does not include any representa 
tion of the ladder. 

Fig. 4a is a diagrammatic representation of a 
transverse cross section of an embodiment of this 
invention having structure similar to that of the 
embodiment of Fig. 3, but different therefrom in 
that structural simplifications have been effected 
whereby the mast and the “wing' elements are 
formed as a unitary Structure; 

Fig. 5 is a polar diagram showing the horizontal 
directivity of an antenna, as in Fig. 1; 

Figs. 6, 6a, 6b, 6c and 6d are similar polar dia 
grams showing the horizontal directivity of the 
antenna, used in obtaining the plot of Fig. 5 after 
it was modified by the addition of various embodi 
ments of wing elements. The diagrams offer a 
convenient means for comparing effects on hori 
Zontal directivity of the use of different amounts 
of angular spread between the Wing elements and 
of other variations in the manner in which the 
wing elements are applied. 

Fig. 7 is a polar diagram showing the holi 
Zontal directivity of an antenna, as in Fig. 4; 

Fig. 8 is a polar diagram Showing the horizon 
tal directivity of another embodiment of the pres 
ent in Vention; 

Fig. 9 is a diagrammatic representation of an 
other embodiment of a slotted cylindrical an 
tenna, which may be used with Wing elements ac 
cording to this invention; 

Fig. 10 is a diagrammatic representation of 
another embodiment of a slotted cylindrical an 
tenna, which also may be used with wing elements 
according to this invention; 

Fig. 11 is a diagrammatic representation of an 
array composed of slotted cylindrical antennas 
either according to Fig. 9 or 10 and including 
wing elements according to this invention; 

Fig. 12 is a diagrammatic representation of the 
manner in which structure may be added to an 
array as in Fig. 11 to protect it from the elements; 
and 

Figure 13 shows in perspective a single unit 
antenna of the present invention. 
The slotted cylindrical antenna of Fig. 1 has 

a cylindrical body portion With a longitudinal 
opening, slot 2, in one Side which extends along 
substantially its full length and is substantially 
parallel to the long axis of portion f. A coaxial 
feed line having an outer conductor 3 and an 
inner conductor 4 extends into the interior of 
portion i with the outer conductor 3 lying adja 
cent to its inner wall and near to One edge of 
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4. 
Slot 2. An electrical connection (not shown) is 
made between outer conductor 3 and the con 
ductive structure of portion at a point prefer 
ably near to one edge of slot 2-the edge which 
is on the right of slot 2 as the slot is shown in the 
drawing. Inner conductor 4 is electrically con 
nected to the other edge of the slot at a point 
Substantially midway between its ends, and the 
connection may be made through a triangularly 
Shaped ("dog ear') piece of conductive sheet ma 
terial 5 whose intended electrical function is to 
reduce reflections which might occur at the point 
of connection. Slot 2 does not extend to the ends 
of portion f. Therefore, substantially zero im 
pedance terminations occur at both ends of the 
slot. This particular embodiment of a slotted cy 
lindrical antenna is center fed. It employs a 
"cylinder' of circular cross section; it has fixed 
(non-adjustable, i. e. non-sliding) short circuits 
at both ends of the slot; it is made of solid me 
tallic material in the structure of its body por 
tion; and it is fed by a coaxial line. However, 
this particular single embodiment is shown herein 
Only to indicate, as shown in Fig.2 and as de 
Scribed below, the manner in which modifying 
Structure employed according to this invention 
is added to a typical slotted cylindrical antenna. 
The improvement in slotted cylindrical anten 

naS according to this invention may be applied 
to the Structure of any Slotted cylindrical an 
tenna, and, in particular, to any of the various 
antennas described in the above-mentioned co 
pending applications. Therefore, the scope of this 
invention includes many embodiments which may 
be derived by various combinations of antenna 
Structures described in those applications and 
appropriate forms of the modifying wing struc 
tures described herein. 
In many embodiments of slotted antennas, the 

'cylindrical' body portions are formed with cross 
Sections which are not circular but instead may 
be rectangular, oval, Square, triangular, or irreg 
ularly shaped. In certain embodiments, the 
physical structure of the body portion is not a 
mechanically continuous structure of conductive 
material, i. e. is not identical to a smooth piece 
of sheet metal bent into a slotted “cylindrical' 
tube, but may be of wire netting, of a stack of 
hooplike Structures having a common axis, each 
hoop being open at one side and having the ends 
of its opening abutting on and fastened to par 
allel wires which electrically are similar to the 
edges of slot 2, or of plastic material with con 
ductive material affixed to or embedded in it. 
The physical Structure, in fact, can be varied 
freely, without markedly changing the electri 
cally effective composition of the antenna. 
In many embodiments certain short-circuiting 

elements are movable along the slot for adjust 
ment purposes. Some employ a single short cir 
cuit which may be near one of the ends. Some 
are not short-circuited at either end, and some 
use a plurality of short circuits and of feed points. 
The feed may be effected through parallel trans 
mission lines or through coaxial lines. It may 
be applied at the center of the slot or at other 
points, as, for example, at one of the ends. The 
Slot and/or the ends of the 'cylinder' may be 
mechanically sealed, as with a dielectric plastic. 
The antenna, may be mounted on a mast or may 
comprise its own Supporting structure, as, for ex 
ample, When it is set up on one of its ends on a 
"ground plane,' such as a metal roof. Conduc 
tive structure may be inserted within the body 
portion to control the electrically effective cross 
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sectional area by what may be described as short 
circuiting some of the space therein. In fact, in 
the embodiment shown in Fig. 1, the bar (or tube) 
6 serves a space-short-circuiting function so that 
electrically effectively the half of portion f beyond 
the feed point will be of the same cross-sectional 
area, as the half through which the feed line ex 
tends. . . . . ; 

In some embodiments the cross-sectional area, 
of the cylinder and/or the slot.length are critical 
in determining directivity and gain, and the slot 
width and the thicknesses of the opposing edges 
of the slot must also be substantially in accord 
ance with predetermined specifications. ... ". 

Fig. 2 Substantially comprises the structure O 
Fig. 1 with the addition of structure compris 
ing Wings 7 and 8. As is indicated in the draw 
ing, wings 7 and 8 may be parts of a single sheet 
of conductive material, such as metai. A slot of 
about the same size as slot 2 of Fig. 1 is cut in 
this sheet and the sheet is electrically connected 
to portion , with both edges and both ends of the 
two slots substantially coincident. The connec 
tion may be made by any convenient means, such as soldering, welding, bolting or riveting. The 
wings, in the embodiment shown in Fig. 2, have 
an angle of divergence between their front Sur 
faces, i.e. an angle of divergence measured be 
tween their surfaces on the forward side of the 
slot, that is greater than 180°. However, the 
wings may be initially installed or later bent so 
as to have different desired angles of divergence. 
The angle selected will have a specific effect on 
the “horizontal” directivity of the antenna. If 
desired, each wing may be a separate sheet of 
metal. The wings, or the unitary structure com 
prising them, may be of some physical struc 
ture other than solid sheet metal but, neverthe 
less, electrically equivalent thereto. As explained 
below, in some embodiments the wings may be 
constructed so that even electrically they repre 
sent conductive areas which are somewhat less 
than continuous and uninterrupted. The Wings 
may be attached precisely on the edges of the 
slot or they may be attached on elongated areas 
of the outer surface of the cylinder which are 
substantially parallel to the edges of the slot 
but are located at predetermined distances back 
from the edges. . . .: . . . . . . . . . . . . . . . . . . . 

... When the antenna of Fig. 1 is: energized, the 
potential thus existing between outer conductor 
3 and inner conductor 4. is applied across slot 2. 
By making portion? of such size that its inside 
cross-sectional area is of the order of .0i4 Square 
wave length, it is possible to produce a substan 
tially co-phasal difference of potential over the 

- entire length of slot 2 when the slot is approxi 
mately two wavelengths long. The currents 
produced by, the differences' of potential exist 
ing across the slot flow. circumferentially around 
the cylinder. The field which is radiated by 
these circumferential currents is similar to that 

... which would be radiated by a stack consisting of 
a large number of small coaxial loops. The ra. 
diant field is horizontally polarized when the 
long axis of the cylinder is vertical. The maxi 
imum field is radiated in the plane perpendicular 
to the axis of the cylinder and passing through 
its center. The minimum field is radiated in the 
direction of the long axis of the cylinder. When 
the length of the slot is approximately two Wave 
lengths, the inside cross-sectional area is approxi 
mately .014 square wave length, and the slot 
width is of the order of .01 wave length, the 

0. 

6 
axis of the cylinder consists of two opposing nar 
row major lobes with maxima at right-angles to 
the cylinder axis. When several such antennas 
are arranged in a vertical array with the indi 
vidual antennas mounted one above another, still 
greater concentration of radiant power is ob 
tained in a horizontal plane, that is, in the direc 
tions of the service areas. The main advantage 
of the slotted cylindrical antenna is that a great 
concentration of radiant energy may be obtained 
with only few individual elements and, there 

i fore, also with few branch feeders, fittings and 
"other items of feeder hardware. . . . . . . . 

15 

:20 

In accordance with the present invention and 
as: stated above, these advantages of the cylin 
drical antenna, may be obtained even when it is 
desired not only to concentrate the radiant en 
ergy in the plane of the service area, but also 
to distribute this energy in a desired manner 
within this service area, this useful result being 
accomplished by the addition to the cylindrical 
antenna of the elements herein designated as 
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radiation-pattern in-a-plane passing through the 75 

“wings.' . . . . . . . . . . . . . . . . 

The difference of potential across the slot pro 
duces a flow of currents in the wings. The 
predominant direction of the current is at right 
angles to the long axis of the slot. The currents, 
which in a slotted cylindrical, antenna, without 
wings are circumferential, are, at least in part, 
diverted into the added Wings. This change 
in the path of the currents results in changes: in 
radiation patterns in planes at right angles: to 
the cylinder axis. By controlling the size of 
the wings, their shape (for example, by making 
the wings not rectangular but with curved or 

- Serrated edges), and the angle between them, it 
is possible to control the radiation patterns in 
planes perpendicular to the cylinder axis. . . . . 
The fact which makes this method of con 

trolling the pattern particularly useful is that the 
addition of wings to a slotted cylinder antenna 
does not destroy its main advantage of concen 
trating radiant energy in the plane at right 
angles to the axis of the cylinder and passing 
through the center of the cylinder. Contrary 
to what might be expected, tests show that the 
addition of wings to a slotted cylindrical an 
tenna produces only small effect on the propaga 
tion velocity along the slot and that this velocity 
of propagation and, therefore, also the distribu 
tion of potential difference between the edges of 
the slot are still controlled by the cross-sectional 
area of the cylinder, and that even large changes 
in the shape or relative angle between the wings 
have only minor effects on the potential distri 
bution. Because of these phenomena, the ide 
sign of efficient antennas with wings is made 
relatively very simple. The dimensions of the 
:Slotted. cylinder are chosen: as if no WingSWere 
to be added. The Wings of desired shape; are 
'then added to the cylinder. . Since good concen 
...tration of radiant power is obtained with slotted 
cylinders having cross-sectional areas; of Sithe 

: order: of .014 square wave length, the same di 
mensions hold good for cylinders. With Wings. 
Minor adjustments of slot length are sometimes 
necessary with some of the wing arrangements, 

; but these adjustments may easily be made, for 
example, by providing the slot, with nowable 
short-circuiting bars. As the angle between 
the wings is made Smaller, for example, under 

* 130, the loading effect of the wings, becomes 
more pronounced. This loading effects of the 

i Wings may be controlled. by changing the ca 
pacity, per unit.length. between the edges, of the 
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slot. By increasing this capacity per unit length, 
for example by narrowing the slot, making the 
"edges of the slot wider, or by using a dielectric 
in the slot whose coefficient is greater than air 

: or by a combination of the above means, the 
coupling between the wings and the cylinder is 
decreased and, therefore, also the loading effect 
of the wings is decreased. The effect of the in 
creased capacity on the propagation of Waves 
sinside the cylinder may be compensated for by 
decreasing the cross-sectional area of the cyl 
inder. Thus, even when the angle between the 
wings is relatively small it is still possible to pro 
:duce co-phasal excitation of a slot which is longer 
-than one wavelength at the center-frequency of 
the operating frequency band. 

In order to explain another feature of the preS 
ent invention, the slotted cylinder radiator With 
wings will be compared with an ordinary: electro 
magnetic horn, shown in Fig. 2d. Such a horn 
consists of a flared horn portion 0, a length of 
waveguide , and a stub wave guide feeder 2. 
It is general practice to make cross-sectional di 
-mensions of the Wave guide Such that the long 
dimension b is less than one Wave length but 
greater than a half wave length, and the Small di 
mension a is approximately one-half of dimen 
Sion: b. Dimension b is made less than One Wave 
length in order to avoid the generation of the 
Second mode of propagation which, if present, 
would distort the beam produced by the flare of 
the horn. It is well known that by diverging the 
sides of the flare a narrower beam in the vertical 
plane may be achieved, but that because of the 
'divergence of waves in the flare, the vertical Sec 
tions of the wavefront is curved and, therefore, 
for a given aperture size, the beam is not as, nar 
row as it Would be if the Wave front Section Were 

..a straight line, which would be the case if the 
-excitation of the Waves Were cophaSal. In con 
trast with the ordinary horn the slotted cylinder 
antenna of this invention is made approximately 
two wave lengths long, so that the aperture of 
-two wave lengths may be excited co-phaSally. 
Therefore, a cylindrical and not Spherical wave 
front is produced so that, for a given vertical size, 
a narrower beam in vertical planes is obtained. 
This co-phasal excitation of the aperture and, 
...therefore, narrower beam are made possible 
through the action of the cylinder having a cross 
sectional area of the order of .014 square wave 
length. A comparison of Figs. 2d and 2b. clearly 
shows this distinction. Though the largest ver 
stical dimension of the-horn is as large as that of 
the slotted cylindrical antenna (With Wings), the 
-vertical directivity of the horn is far leSS pro 
nounced. 
iStill another distinction between the slotted 

cylinder with wings and the electromagnetic horn 
is that the wings may be bent back, as in Fig. 2, 
making an angle over 180° without affecting the 
narrowness of the beam in-vertical planes. When 
the flare of an electromagnetic horn is bent back 
in the same manner, a wide beam is obtained in 
the vertical plane because there is no Way for 
*the Waves; to diverge to a greater effective aper 
ture. The original Wave guide aperture, Which 
is less than one Wave length, is, therefore, the 
:effective aperture, and the corresponding beam 
is wide. 
: As is obvious in Fig.2c, it is possible to increase 
;the directivity of a horn. Without increasing the 
size of its aperture. This may be done by in 
- creasing the...length dimension . (dimension Din 
iFig. 2d). However, a horn comparable, in direc- ; 
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tivity to a slotted cylindrical antenna of equal 
aperture size Would be too large, for convenient 
uSe: On a maSt. 

Fig. 9 ShoWS; a slotted cylinder 5 which is en 
ergized by a concentric transmission line 6. The 
outer, conductor 7 of the concentric feeder 6 is 
connected to the cylinder 5 through a tapered 
matching section 8. The inner conductor 9 of 
feeder 6 is continued into cylinder 5 along the 
cylinder axis. A branch feeder 20 is used to con 
nect the inner conductor to One side of the slot 
2at a point.2 which is approximately one-quarter 
Wave length below the Center of the cylinder. 
The distance S.from point 2 to the short-circuit 
ing plate 22 is made approximately one and one 
quarter wave lengths long. Short-circuiting bars 
23, 24 are connected to both sides of the slot at 
points which are equidistant from point 2?. Dis 
tances L. from the short-circuiting bars to point 
2 are adjusted for best distribution of the dif 
ferences of potential along the two edges of the 
slot. When the cross-sectional area of the cylin 
der leSS the CrOSS-Sectional area of the inner con 
ductor is of the order of .014 Square Wave length, 
good results are obtained by making each dis 
tance L approximately one Wave length long. In 
this arrangement, cylinder 5 performs a least 
three functions: Cylinder 5 acts as the radiat 
ing element, as the outer conductor of the con 
centric feeder, and as a distributed inductive ele 
ment providing the required loading for the bal 
anced transmission line consisting of the edges 
Of the Slot. 
This arrangement is particularly convenient 

When the operating frequency is very high be 
cause then the diameter of cylinder f3 is too small 
for the installation of a concentric feeder in 
the manner shown in the embodiment of Fig. 1. 

Fig.10 shows what is, in effect, an array of two 
cylinders of the kind shown in Fig. 9. This struc 
ture consists of a single slotted, cylinder, 30 which 
is energized by concentric feeder 3. The inner 
conductor of feeder 3 is continued along the 
axis of cylinder 30 to short-circuiting end plate 
32. Two branch feeders 33, 34 are used to connect 
the inner conductor 35 to the same edge of the 
slot at points 36,37. The branch feeder 33 is con 
nected at distance S equal to approximately one 
and one-quarter Wave lengths from the end plate 
*32. The short-circuiting bars 38 and 40 and 39 
and 40, respectively, are placed at equal distances 
I, approximately equal to one wave length, from 
points 36 and 37. 
Since the distance along inner conductor 35 

between the branch feeders 33, 34 is substan 
rtially two wave lengths, the same edges of the 
slot. are energized in phase. Co-phasal excitation 
is, therefore, obtained throughout the entire 
length of a slot four wave lengths long. A similar 
System may be used to excite a slot six or eight 
Wavelengths in length. 

Slotted cylindrical radiators of the types shown 
in FigS. 9 and 10. may be equipped with wings in 
the Same Way as radiators of the type shown in 
Fig.1. 

A. plurality of Slotted cylindrical radiators, as 
in Fig. 9 or Fig. 10, provided with pairs of wings 
Which make angles of the order of 140°, may be 
combined together to form a very directional ar 
ray, as ShoWn in Fig. 11. In this figure 45, 46 

- and 41; are elements like the antennas of Fig. 9 
sor. Fig. 10 equipped with wings. All of the ele 
ments are connected to a main feeder 48 at points 

I5 Separated by one wavelength. Such an array will 
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provide very high power gain per cubic foot of , 
array. ... 

Fig. 12 shows convenient structure for protect 
ing an array as in Fig. 11 from the elements. Di 
electric cover box. 50, which may conveniently be 
made of fibreglass, can be placed over the array 
with its open end abutting against the back 
mounting plate. Moreover, wires may been 
bedded in box 50 through which currents may 
be passed in order to theat the box and melt ac 
cumulations of ice or sleet. Since the electric 
field at points in front of such an array is at right, 
angles: to the direction of the slots, Wires Such, 
as 5 may pass in front of the array and have 
substantially no effect. These wires may be en 
bedded in the thin sheet of fibre glass composing: 
boxi50 and used as heating elements for removing 
sleet from the fibreglass while the fibre-glass. 
sheet itself is used to exclude water from the slots. 
A few of a large variety of horizontal patterns 

which may be achieved by the use of slotted 
cylinder radiators with wings are shown in Figs. 
6, 6a, 6b, 7 and 8. Figs. 6, 6a, 6b and 8 show 
the major trends which may be expected with 
straight Wings with or without a back plate be 
hind the antenna. . . . . . . . . . . . . . . . . . . . 

Fig. 6c shows the effect of bending the edges 
of straight wings. When the dimension S shown 
in Fig. 6c is of the order of one to severalitenths 
of the wave length, the potential along edge 55 
of wing 56 is different from the potential of the 
portion of wing 56 opposite edge 55, behind the 
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ferred to in the specification above and may com 
wing, and the space between edge. 55 and that. . 
portion forms a wide radiating slot. A similar 
slot is formed by edge:57 and wing 58. The ef 
fect of these secondary slots is to send back 
radiation in a phase opposite to that of the minor 
lobe in Fig. 6a, thus eliminating this minor lobe. 
By making the solid wings into a comblike: 

structure, consisting only of a few rods, the effect. 
of the wings is: decreased and a pattern of the 
type shown in Fig. 6d may be obtained. . . . . . . 

. Still another type of pattern may be had by. 
bending the wings around a tubular mast. This 
is shown in Fig. 7. This pattern was obtained: 
with a twenty-inch mast and with the radiator 
operating at 450 mc. The effect of such objects 
as metal. ladders or feeders behind large wings 
is minor unless metal objects behind: the wing. 
have dimensions greater than the Wing itself. 
This is true eveni when the Wings are bent around 
a mast, as in Fig. 3. ... ; : . . . . 
...Fig. 4a, shows still another type of Wing 
is a tube of circular croSS Section: . . . . 

. It will be seen from the above description of 
the slotted cylinder: with wings that the cylinder 
performs the function of a feeder for the wings 
and may, therefore, be called a feeder cylinder. 
The wings are the radiators. In some cases only 
a small portion of the total current is diverted 
into the Wings, for example, in the case of the 
radiator of Fig. 6d. Then, the outer surface of 
the feeder cylinder itself also performs: the func 
tion of the wings. This is an example of a divided 
Wing. is . . 

The shape of the feeder cylinder need not be 
circular. Whatever, the shape of the cylinder 

35 

40 

10 
Also, with some wing arrangements, it may be 
necessary to use a cross-sectional area, greater 
than .02 square wave length. When there is some 
doubt as to what value of the cross-sectional area, 
should be used, it is best to measure the distribu 
tion of potential differences along the slot. The 
correct value of the cross-sectional area should 
result in the potential differences, along the slot 
being distributed in the following way: 

(1) The maximum of potential should occurat, 
points intermediate between the feed point and 
the short-circuiting points (or bars) alon 
slot. . . . . . . . . . 

; (2) The potential should decrease from the 
maxima toward the feed point, without there, 
being distinct minima, between the maxima and 
the feed point. . . - - - - - - , , . . . 

(3). The correct cross-sectional area should re 
sult in a potential difference distribution of this 
kind when the distance between the short-cir cuiting bars is of the order of two wave lengths, 
assuming that both ends of the slot are short 
circuited. . . . . . . . . . 

... In one embodiment of this invention, the wings. 
are added to a feeder cylinder which is made not 
of a sheet of metal but of a number of coaxial 
loops, as described in the copending, application, 
No. 70,752, filed January 13, 1949, which contains 
all of the subject matter disclosed in my prior 
application No. 644,519, filed January 31, 1946, 
now abandoned. This type of structure is re 
prise as stated a stack of hoop-like structures 
having a common axis each being open at one 
side and having the ends of its opening abutting 
on and fastened to parallel wires which electri 
cally are similar to the edges of slot 2 in Figure 1. 
Experiment shows that if the wings are made 

of rods, two rods per each loop, or two rods per 
every other loop, or two rods per everythird 
loop, the best dimensions of the feeder cylinder 
are not materially altered; that is, they still 
should be as described in said copending applica-ii 
tion. The types of patterns which be obtained: 
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area of the slotted cylinder and to a minor degree 
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cross section, the cross-sectional area of the 
cylinder should be of the border of between .01 
and .02 square Wavelength and preferably of the 
order of .014 Square Wave, length. . . . . . . . . . 

: In some cases. When the slot is loaded. by the 
capacity of thick: edges of the slot, or by other 

70 

means, the cross-sectional area for best results. . 
may be even less, than .01 square wave length. 75 

with this arrangement are similar to those de 
scribed in connection with sheet metal cylinders. 
The effect of the wings is reduced when they 

are constructed of two rods per every other loop 
and this effect is still further reduced when two 
rods are used for everythird loop, and so forth.' 
The velocity of propagation of potential along 

the slot may be and usually is greater than the 
velocity of the wave in free space. The result of 
this is that the wave length for the given fre 
quency of operation is increased. This is due to 
the use of the proper relations between the fre 
quency and the inside effective cross sectional 

the character of the air gap of the slot although . . 
the usual slot as described above is satisfactory. 
The wave length along the slot where specified 
as differentiated from that in free space is called 
the virtual wave length and is so used in the 
In Figure 13 the unit antenna structure sho 

somewhat diagrammatically in other figures 
illustrated more specifically with some importan 
details more clearly indicated than in the othe 
figures. . . . . . . . . . 

... The cylinder 70 is provided with an open slot 
7 along an element of the cylinder parallel to 
the axis, which slot is shorted at one end 
the cylinder by a shorting element 12. Alcoa 
feeder 73 having an inner conductor T 
outer-conductor 75, passes alo 
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cylinder with the outer conductor connected to. 
the cylinder adjacent the slot or gap 7 on one 
Side and the inner conductor connected acroSS 
the gap. on the other side as shown at 76. The 
cylinder has such dimensions that its cross Sec 
tional area, should be of the order between .01 
and .02.square wavelength and preferably of the 
order of .014 square wave length of a frequency 
radiated by the slotted cylindrical antenna, as Set 
forth previously in the specification. 
The width of the wing as indicated in all of 

the figures should be larger than the cylindrical 
diameter and these wings should open outwards 
from the slot in non-parallel directions one with 
the other. 
What I claim is: 
1. An antenna, including a Slotted. Cylinder 

formed by an elongated aperture in one of its 
sides along its length, means for feeding radio 
frequency energy to the slotted cylinder with op-. 
posite potentials acroSS the slot, and radiating 
wing elements attached to the exterior of the 
cylinder near to the aperture, said wing elements 
having length- and width. dimensions for produc 
ing.in a substantially predetermined manner the 
directivity of radiations of energy from the aper 
ture concentrated in a region in a plane perpen 
dicular to the slot, the inside cross-sectional area. 
of said slotted cylinder being substantially be 
tween: .01 and .02. Square wave length, the wave 
length corresponding to the center frequency of 
the operating frequency band, said Wings having 
widths...not less than the diameter of said cylinder 
and extending from the direction of the cylinder 
in diverging, directions. 

2. An antenna comprising a cylinder having a 
slot open at one end, a short circuit near the other 
end of the slot, and means feeding the cylinder 
on-opposite sides of the slot for exciting the cylin 
der to produce equal but opposite potentials along 
the edges of the slot, said cylinder having an 
internal cross sectional area and an air gap ca 
pacity computed to produce a voltage distribution 
whose maximum is: at a greater distance from 
the short circuit. than two-fifths of the Space Wave 
length, and radiating wing elements attached to 
the-cylinder near the edges of the slot, Said wing 
elements having length and Width dimensions for 
producing in a substantially predetermined man 
ner the directivity of the antenna in planes nor 
mal to the axis of the cylinder, said wings having 
widths, not less than the diameter of Said cylinder 
and extending from the direction of the cylinder 
in diverging directions. 

3. An antenna Comprising a cylinder of Con 
ducting material having a longitudinal slot, short 
circuit elements across the slot near the ends 
thereof, means for feeding the antenna, at points 
across the slot to produce a potential difference 
between the edges of the slot, said points being 
at a greater distance from the short circuit ele 
ments than the virtual half wave length but less 
than a full virtual wave length of the Standing 
wave, along the slot whereby, the potential dis 
tribution along the slot has two minimum points, 
causing the flow of currents in the outside surface 
of the cylinder in proportion with the potential 
differences and in one direction between the 
minima. and the Short ends, and in the opposite 
direction between the minimum points, and 
energy-radiating, electrically effective wing ele 
ments electrically connected to the edges of the 
slot and having length and width dimensions for 
producing.in a substantially predetermined man 
ner the distribution in planes normal to the axis 
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Of the antenna of energy transmitted therefrom, 
Said Wings having widths not less than the diam 
eter of Said cylinder and extending from the di 
rection of the cylinder in diverging directions. 

4. An antenna for radiating horizontally polar 
ized electromagnetic waves at ultra high fre 
quencies, comprising. a vertical open ended cylin 
der having a cross section whose effective area is 
less than .0256 square wave length, the wave 
length corresponding to the center frequency of 
the operating frequency band and a slot in the 
cylinder parallel with its longitudinal axis, the 
Slot having a short-circuited element near one 
end, a transmission line projecting within the 
cylinder and having an inner and an outer con 
ductor, the inner conductor being connected with 
One edge of the slot at the open-end of the cylin 
der, the Outer conductor being connected to the 
other edge of the slot, and energy-radiating elec 
trically effective wing elements electrically con 
nected to the edges of the slot, said wings having 
Widths not less than the diameter of said cylinder 
and extending from the direction of the cylinder 
in diverging directions. 

5. An antenna, for radiating horizontally polar 
ized electromagnetic waves at ultra high fre 
quencies, including a vertical cylinder having an 
Open end and having a longitudinal slot running 
along substantially its whole length, a conductive 
disc attached across one end of the cylinder sub 
stantially perpendicular to its long axis, an inner 
conductive element electrically connected at sub 
stantially the center of the disc and extending 
therefrom along the axis of the cylinder for its 
full length and protruding beyond the Open end 
of the cylinder, a tapered matching section 
shaped like the curved side of a truncated cone, 
its large open end being of the same diameter aS 
the open end of the cylinder and being electrically 
connected thereto so that the tapered section has 
its long axis coincident with the extension of the 
long axis of the cylinder, a coaxial transmission 
line Whose inner conductor consists of the exten 
Sion of Said inner conductive element and whose 
Outer conductor has the same diameter as the 
Small end of the tapered matching section and is 
electrically connected thereto, a short-circuiting 
element connected across the slot at Substantially 
One-quarter wave length from the disc, at least 
one additional short-circuiting element fastened 
between the edges of the slot so that the full dis 
tance between any two adjacent Short-circuiting 
elements is substantially two space wave lengths, 
the Wave length corresponding to the Center fre 
quency of the operating frequency band, a feed 
conductor means joining the inner Conductive 
element to one of the edges of the slot at each 
point. Which is Substantially midway between arly 
two. short-circuiting elements, and energy-ra 
diating electrically effective wing elements elec 
trically connected to the edges of the slot and 
adapted to affect in a substantially predetermined 
manner the distribution in planes normal to the 

of the antenna of energy transmitted there 
I. 

6. An array consisting of a back mounting plate 
supporting a plurality of antennas as in claim 5, 
with means for feeding the respective COaxial 
transmission lines of each of said antennas with 
radio frequency energy in the same phase. 

7. An antenna, including a cylinder with an 
elongated slot in one of its sides along its length, 
means for feeding radio frequency energy to the 
slotted cylinder, and radiating wing elements at 
tached to the exterior of the cylinder near to the 
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slot, said wing elements having length and width 
dimensions for producing in a substantially pre 
determined manner the directivity of radiations 
of energy from the aperture, the inside CrOSS 
Sectional area of said slotted cylinder being Sub 
stantially .014 square wave length, the wave 
length corresponding to the center frequency of 
the operating frequency band, said wings having 
widths not less than the diameter of said cylinder 
and extending from the direction of the cylinder 
in diverging directions. 

8. A combination of a slotted cylindrical radio 
frequency antenna, means for feeding the an 
tenna, effectively on both sides of the slot, energy 
radiating wing elements electrically connected to 
the cylinder and extending outward therefrom 
adjacent the Outside of the slot all along the same 
On both sides thereof, said slot being substantially 
two Wave lengths long with an effective inner 
CrOSS Sectional area of the cylinder Substantially 
between .01 and .02 Square wavelength where the 
wave length corresponds Substantially to a fre 
quency within the operating band, said wings 
having widths not less than the diameter of said 
cylinder and extending from the direction of the 
cylinder in diverging directions. 
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